Background {#Sec1}
==========

Systemic lupus erythematosus (SLE), an autoimmune disorder, is characterized by a spectrum of autoantibodies that target multiple cellular components. The etiology and pathogenesis of SLE are not yet fully elucidated \[[@CR1]\] and the molecular mechanisms underlying disordered T and B cell activation and differentiation in SLE are still poorly defined. Emerging evidence has illustrated the importance of epigenetic dysregulation in the pathogenesis of SLE; for example, autoreactive T and B cells in SLE patients have been shown to have altered patterns of DNA methylation and histone modification \[[@CR2]\].

Enhancer of zester homolog 2 (Ezh2) is a histone methyltransferase (HMT) that catalyzes trimethylation of histone H3 at lysine 27 (H3Kme3) and acts primarily as a gene silencer as part of the polycomb repressive complex 2 (PRC2) \[[@CR3]\]. Ezh2 also catalyzes methylation of non-histone proteins and has the ability to recruit nuclear receptors to specific promoters \[[@CR4]--[@CR6]\]. In general, Ezh2 controls cell proliferation, differentiation, and function \[[@CR7]\]. Despite their primary function as gene silencers, Ezh2 and H3Kme3-marked histones are critical for proper T and B cell lineage development and activation \[[@CR4], [@CR7], [@CR8]\]. Mature naive T cells express low levels of Ezh2, but rapidly upregulate Ezh2 upon TCR ligation and alloantigen stimulation \[[@CR9]\]. Similarly, Ezh2, although important for VDJ recombination in pre-B cells, is undetectable in mature lymph node B cells, but is considerably expressed in GC B cells \[[@CR10]\] and is required for plasma cell differentiation and maximum Ab secretion \[[@CR11]\].

GSK503 inhibits Ezh2's methyltransferase activity with \> 200-fold more selectivity for Ezh2 than Ezh1 and \> 4000-fold more selectivity for Ezh2 than for other histone methyltransferases. GSK503 displays favorable pharmacokinetics in mice, in which it reduces GC B cell numbers and splenocyte H3K27me3 levels by inhibiting the catalytic function of Ezh2 \[[@CR12], [@CR13]\]; similar effects are observed in vitro.

Bm12-induced chronic graft-versus-host disease (cGVHD) is initiated by injecting mice with MHC class II incompatible CD4^+^ T cells or unfractionated spleen cells. It results in a chronic syndrome characterized by the production of high titers of a spectrum of autoantibodies similar to those seen in human SLE, accompanied by some of the pathological manifestations of SLE \[[@CR14]\]. The cGVH syndrome is indistinguishable between the transfer of C57BL/6 cells into bm12 mice (B6 → bm12 transfer) and bm12 → B6 transfer, though the B6 → bm12 transfer is less well studied. The autoantibodies produced in this model of cGVHD come entirely from the recipient mouse's B cells \[[@CR15]\]. Using this model, we investigated the role of Ezh2 in the development of B6 → bm12 cGVHD. To our surprise, Ezh2-deficient CD4^+^ T cells failed to induce autoantibody production in this mouse model. Deficiency of Ezh2 in CD4^+^ T cells failed to alter T-independent B cell responses, but diminished the T-dependent B cell responses to immunization with ovalbumin. Pharmacological inhibition of Ezh2, like genetic Ezh2 deficiency, ameliorated autoantibody production in the bm12 model of lupus-like cGVHD, raising the possibility that Ezh2 could serve as a therapeutic target.

Methods {#Sec2}
=======

Experimental mice {#Sec3}
-----------------

Ezh2^fl/fl^ (022616, JAX), C57BL/6 (000664, JAX), and CD4^cre^ (022071, JAX) mice were originally purchased from Jackson Laboratory and maintained in our colony. B6.bm12 mice bearing CD45.1 marker were provided by Dr. Edith Janssen (Cincinnati Children's Hospital Medical Center) and maintained in our colony. B6.Ezh2^fl/fl^ mice were backcrossed onto a C57BL/6 background (\> 8 generations) and then crossed with CD4^Cre^ mice to generate mice with Ezh2 deficiency in CD4^+^ T cells (designated as CD4.Ezh2-KO mice). Eight- to 10-week-old age-matched female mice were used in experiments. Experimental protocols were approved by the University of Cincinnati's Committee on Use and Care of Animals (IACUC).

Chronic GVH diseases induced by CD4 T cells {#Sec4}
-------------------------------------------

Chronic GVHD was induced in bm12 host mice as previously described \[[@CR16]\]. In brief, CD4^+^ T cells were purified from B6.WT or B6.CD4.Ezh2-KO spleens using the CD4^+^ T cell negative isolation kit (Miltenyi Biotec, Auburn, CA). Chronic GVHD was induced by intra-peritoneal injection of 1 × 10^7^ purified CD4^+^ T cells into host B6.bm12 mice. For GSK503 treatment group, cGVHD was induced by injecting donor T cells into B6.bm12 hosts 2 days after the initiation of GSK503 treatment (125 mg/kg/day i.p.). Autoimmune disease development was followed by serum levels of autoantibodies against dsDNA and chromatin.

LPS injection and OVA immunization {#Sec5}
----------------------------------

Mice were injected i.p. with either 200 μl of LPS (from *E. coli* 055:B5; Sigma-Aldrich), or with 300 μg of OVA (Sigma-Aldrich, absorbed onto alum). Mouse sera were collected at different time points and stored at − 20 °C for ELISA. Single spleen cell suspensions were stained for CD4, CD44, and CD62L and processed for analysis by flow cytometry.

ELISA {#Sec6}
-----

For anti-dsDNA ELISA, 96-well plates were pre-coated with L-lysine (0.01%, Sigma-Aldrich, St. Louis, MO) for 1 h; plates were then washed and incubated with dsDNA overnight. For anti-chromatin and total IgG ELISA, 96-well plates were directly incubated with chicken chromatin and anti-mouse IgG (1 μg/ml) overnight, respectively. Mouse sera (1:250 diluted) were then added into each well of the 96-well plate and incubated overnight at 4 °C. Plates were washed and incubated with alkaline phosphatase-conjugated goat anti-mouse IgG (0.1 μg/ml, Fc-specific, Jackson ImmunoResearch Lab, West Grove, PA) for 2 h at room temperature. Plates were washed again and p-nitrophenyl phosphate substrate (Sigma-Aldrich, St. Louis, MO) was added.

For anti-OVA ELISA, plates were coated with OVA (10 μg/ml in PBS) overnight at 4 °C. Plates were washed once with distilled water, then blocked with 1% BSA in PBS overnight at 4 °C, and incubated with various dilutions of serum for 2 h at 37 °C. After 3 washes with buffer (0.05% Tween-20 in PBS), biotinylated goat anti-mouse IgM, or IgG1, IgG2c, IgG2b, IgG3, and IgG antibodies (Southern Biotechnology Associates, Birmingham, AL) diluted 1:5000 in blocking buffer, was added for 1 h at 37 °C. Plates were washed again 3 times and the alkaline phosphate substrate p-nitrophenyl phosphate (Sigma, St. Louis, MO) was added. The OD was measured at 405 nm using the BioTek microplate reader (Winooski, VT).

Immunofluorescent staining {#Sec7}
--------------------------

Spleen sections (4 μm) were fixed in acetone for 10 min and then blocked with 5% BSA in TBS buffer with 0.1% Tween for 20 min. Sections were then incubated with 1:100 dilutions of anti-mouse antibodies (IgD and GL-7) from BD Biosciences (San Jose, CA) and (anti-Ezh2, anti-rabbit IgG-Alex 488, anti-rabbit IgG-Rhodamine red) from Cell Signaling Technology (Beverly, MA). Images were acquired using a Leica DMi8 fluorescence microscope (Buffalo Grove, IL) and analyzed with the LAX S software developed by Leica Microsystems Inc.

Flow cytometry analysis {#Sec8}
-----------------------

Single spleen cell suspensions were obtained and Fc receptors were blocked with 2.4G2 (100 μg/ml) for 30 min on ice. Cells were then incubated with antibodies as indicated in the figure legends. For phenotypic analysis, T cells were gated on CD4 and analyzed for T~FH~ (CXCR5^+^, PD-1^+^) and T~eff~ (CD44^hi^, CD62L^lo^) markers. B cells were gated on CD19 and analyzed for GC B cell markers (GL-7^+^, CD95^+^). Data were acquired with a BD LSR II flow cytometer (BD Biosciences) and analyzed using FlowJo Software 10.4 (San Carlos, CA).

Western blot analysis {#Sec9}
---------------------

Spleen samples were homogenized in RIPA buffer (Santa Cruz Biotechnology, CA) with proteinase and phosphatase inhibitors (Roche, Indianapolis, IN). Proteins were separated by SDS-PAGE, transferred to a PVDF membrane (Millipore, Billerica, MA), incubated with anti-Ezh2 antibody (Cell Signaling Technology, Boston, MA), and subsequently with secondary anti-rabbit IgG antibodies labeled with HRP, both in blocking buffer (1% dry milk). Proteins were visualized with enhanced chemiluminescence substrate (Fisher Scientific, Hampton, NH).

Statistical analysis {#Sec10}
--------------------

Western blot data were analyzed using ImageJ software (NIH, Bethesda, MD). Intensity differences between groups were tested using the Mann-Whitney *U* test. Data are shown as medians with interquartile range. Comparison of two means was analyzed using the two-tailed unpaired Student *t* test. All statistical analyses were carried out using Prism 7 software (GraphPad, San Diego, CA). Results were considered significant at \**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001.

Results {#Sec11}
=======

Ezh2 deficient T cells fail to induce lupus-like cGVHD {#Sec12}
------------------------------------------------------

The mouse model of cGVHD is characterized by the production of autoantibodies. Allogeneic donor CD4^+^ T cells drive polyclonal activation of recipient B cells, which increases total serum IgG and promotes specific autoantibody production \[[@CR16]--[@CR18]\]. To study the role of Ezh2 in allogeneic T cell-mediated loss of B cell tolerance, cGVHD was induced in bm12 host mice by administering negatively purified CD4^+^ T cells from either WT mice or CD4.Ezh2-KO mice. As expected, B6 → bm12 transfer induced anti-dsDNA and anti-chromatin Abs and increased total IgG levels in the serum of bm12 recipient mice (Fig. [1](#Fig1){ref-type="fig"}a--c). None of these effects were induced by CD4.Ezh2-KO → bm12 transfer. These findings suggest an important role of T cell Ezh2 in the development of lupus-like cGVHD. Fig. 1Dependence of cGVHD-associated autoimmunity on CD4^+^ T cell Ezh2. bm12 mice (5 mice/group) were injected ip with 1 × 10^7^ negatively selected CD4^+^ T cells from C57BL/6 (WT) or B6.CD4.Ezh2-KO (Ezh2) mice. Mouse sera were collected weekly. Total IgG and autoantibodies against dsDNA and chromatin were analyzed by ELISA \[[@CR16], [@CR19]\]. Data are representative of four repeats. Error bars show standard deviations. Student's *t* test, \**p* \< 0.05; \*\**p* \< 0.01

Diminished T and B cell activation in CD4.Ezh2-KO T cell-induced cGVHD {#Sec13}
----------------------------------------------------------------------

cGVHD is induced by cognate interaction of donor CD4^+^ T cells with the allogeneic MHC class II on recipient B cells. By 1 week after their encounter with bm12 host B cells, donor CD4^+^ T cells display an activated phenotype, characterized by decreased CD62L and increased CD44 \[[@CR20]\]. Some of these T cells had migrated into the GC center and differentiated into follicular T helper cells (T~FH~, CXCR5^hi^, PD-1^hi^, Fig. [2](#Fig2){ref-type="fig"}a). Interaction with these T cells activates naïve B cells to differentiate into GC B cells, undergo receptor editing and maturation, and further differentiate into cells that have a GC B cell phenotype (GL-7 and CD95 (Fas) double positive, Fig. [2](#Fig2){ref-type="fig"}b). However, very few CD4.Ezh2-KO T cells enter GCs and develop a T~FH~ phenotype (Fig. [2](#Fig2){ref-type="fig"}a). As a result, smaller GCs were observed in the spleens of bm12 mice that received CD4.Ezh2-KO rather than WT T cells (Fig. [2](#Fig2){ref-type="fig"}b, c). Thus, CD4^+^ T cells lacking Ezh2 are incapable of full activation and migration into the GC and have a considerably reduced ability to induce B cell activation, maturation, and autoantibody production. Fig. 2CD4^+^ T cell Ezh2 is important for T~FH~ cell and GC B cell responses in cGVHD. Lupus-like cGVHD was induced in bm12 host mice as in Fig. [1](#Fig1){ref-type="fig"}. Single cell splenocyte preparations were stained with markers for **a** T~FH~ cells (CD4^+^/CXCR5^+^/PD-1^+^) and **b** GC B cells (CD19^+^/GL-7^+^/CD95^+^). Percentages of splenic T~FH~ and GC B cells are shown in A1 and B1, respectively. Student's *t* test, \*\**p* \< 0.01. **c** Spleen sections (4 μM) were blocked and incubated with antibodies against mouse GL-7 (green), CD45.2 (blue, donor CD4^+^ T cell-specific), and CD1d (red). Images are representative of at least 3 sections from individual mice in each experiment and were evaluated in 2 independent experiments

Ezh2-expressing cells localized to GCs {#Sec14}
--------------------------------------

Ezh2 has been reported to be upregulated in T cells upon TCR allo-stimulation \[[@CR21]\] and to be required for B cell development and GC B cell activation \[[@CR10], [@CR11]\]. To gain insight into the splenic cell populations that express Ezh2, we stained spleen sections from cGVHD bm12 host mice with fluorochrome-labeled mAbs to IgD, Ezh2, and GL-7 (a GC cell marker). As shown in Fig. [3](#Fig3){ref-type="fig"}a, Ezh2 was highly upregulated in splenic GCs in cGVHD mice. The upregulation of Ezh2 was further confirmed by Western blot (Fig. [3](#Fig3){ref-type="fig"}b). Upregulation of Ezh2 during cGVHD raised the possibility that suppression of Ezh2 might decrease the immunological sequelae of cGVHD, including its lupus-like features. Fig. 3Ezh2 is predominantly expressed in GC cells. cGVHD was induced in bm12 recipients of CD4^+^ T cells from B6.WT or B6.CD4.Ezh2-KO mice. **a** Spleen sections from a WT T cell recipient were stained for IgD, GL-7, and Ezh2. **b** Spleen samples from experimental mice were homogenized and blotted with antibodies against mouse Ezh2 and GAPDH (loading control). Densitometry analyses are shown. Bars show the median and interquartile range. \*\**p* \< 0.01, Mann-Whitney *U* test

Genetic depletion of Ezh2 from CD4^+^ T cells suppresses T-dependent, but not T-independent B cell responses {#Sec15}
------------------------------------------------------------------------------------------------------------

The lack of autoimmunity and polyclonal B cell activation in CD4.Ezh2-KO T cell-induced cGVHD could be due to T cell unresponsiveness, T cell failure to stimulate B cell responses, or a failure of activate autoreactive B cells. To investigate this, we evaluated the Ezh2 requirement for T cell-dependent and T cell-independent B cell responses. B cells from B6.WT mice and B6.CD4.Ezh2-KO mice generated equivalent anti-DNA Ab responses to the T cell-independent Ag and polyclonal activator, LPS (Fig. [4](#Fig4){ref-type="fig"}a). In contrast, B6.CD4 Ezh2 mice made markedly deficient IgG (especially IgG1), but not IgM responses to the T cell-dependent immunogen alum-adsorbed ovalbumin (OVA) (Fig. [4](#Fig4){ref-type="fig"}b). Thus, CD4^+^ T cell Ezh2 is important for T cell-dependent, but not T cell-independent B cell Ab responses. Fig. 4T cell Ezh2 deficiency suppresses T cell-dependent, but not T-independent Ab responses. **a.** Mice were injected with 200 μg of LPS i.p. at day 0. Serum levels of anti-dsDNA were detected by ELISA as in Fig. [1](#Fig1){ref-type="fig"}. **b** CD4.Ezh2-KO and B6.WT mice (*n* = 5) were injected i.p. with 300 μl of OVA adsorbed to alum. Sera were collected on day 14 and serum levels of isotypes of anti-OVA antibody were measured by ELISA. Solid triangle, WT-control group, untreated; solid square, WT group, OVA-treated; open circle, CD4.Ezh2-KO group, OVA-treated

Ezh2 deficiency is associated with T cell activation arrest {#Sec16}
-----------------------------------------------------------

Ezh2 expression has been shown to be upregulated by TCR stimulation by alloantigens and to be required for T cell activation and lineage commitment \[[@CR3], [@CR22]\]. We have demonstrated CD4^+^ T cell activation and maturation (CD44 upregulation and CD62L downregulation) in bm12 cGVHD mice \[[@CR20]\]. To determine if CD4+ T cell activation is impaired by Ezh2 deficiency, we immunized B6.WT and B6.CD4.Ezh2-KO mice with OVA/alum and evaluated CD4^+^ T cell populations 2 weeks later. Immunization induced \~ 30% of CD4^+^ T cells from B6.WT mice to shift from a naïve (CD44^**−**^/CD62L^**+**^) phenotype to an effector (CD44^**+**^/CD62L^**−**^) phenotype (Fig. [5](#Fig5){ref-type="fig"}a, right panels). In contrast, following immunization of B6.CD4.Ezh2-KO mice, a considerable percentage of CD4^+^ T cells remained at the early activation stage (CD62L^lo^/CD44^lo^) and there was a decrease in the percentage of CD62^lo^/CD44^hi^ cells (Fig. [5](#Fig5){ref-type="fig"}a, left panels). This suggests that Ag-stimulation induces incomplete activation (activation arrest) for CD4^+^ T cells from B6.CD4.Ezh2-KO mice. A similar failure to fully activate Ag-stimulated CD4+ T cells may underlie defective T cell-dependent B cell activation in the bm12 cGVHD model. Fig. 5Immunization-induced activation is arrested at an early stage in CD4.Ezh2-KO T cells. Mice were injected with OVA adsorbed to alum as in Fig. [4](#Fig4){ref-type="fig"}b. Two weeks later, spleen cells were stained with fluorochrome-conjugated Abs against CD4, CD44, and CD62L and analyzed by flow cytometry. **a** Representative data are shown from two experiments. **b** Percentages of CD62L^lo^ CD44^lo^ T cells are shown in the bar graph. Statistical significance was determined using Student's *t* test, \*\**p* \< 0.01

A small molecule Ezh2 inhibitor suppresses cGVHD {#Sec17}
------------------------------------------------

The decreased severity of bm12 cGVHD when Ezh2 genetically deleted in donor T cells and previous observations that Ezh2 is upregulated in GC T and B cells \[[@CR10], [@CR23]\] suggested that pharmacological inhibition of Ezh2 might suppress lupus-like features of bm12 cGVHD. We tested this hypothesis by evaluating the ability of GSK503, a small molecule Ezh2 inhibitor, to suppress disease in our cGVHD model when treatment is initiated 2 days before donor T cell injection. Mice were followed with serum levels of anti-dsDNA and anti-chromatin antibody. As expected, serum anti-dsDNA and anti-chromatin Ab levels increased in 2 weeks in bm12 host mice injected with WT, but not Ezh2-deficient CD4^+^ T cells (Figs. [1](#Fig1){ref-type="fig"} and [6](#Fig6){ref-type="fig"}). Importantly, the increase in autoantibody levels in bm12 hosts injected with WT B6 CD4^+^ T cells was totally prevented by the GSK503 treatment (Fig. [6](#Fig6){ref-type="fig"}). These observations suggest that agents, such as GSK503, that specifically target Ezh2 may be useful for the treatment of SLE autoimmunity. Fig. 6GSK503 decreases autoantibody production in bm12 cGVHD. Lupus-like cGVHD was induced as in Fig. [1](#Fig1){ref-type="fig"}. GSK503 (125 mg/kg/day) was injected daily i.p \[[@CR24]\]. starting 2 days before the induction of cGVHD. Anti-dsDNA and anti-chromatin autoantibody ELISAs were performed \[[@CR14]\]. Five mice/group. Controls are non-cGVHD mice. Comparison between groups was assessed using the parametric Student *t* test. \*\*\**p* \< 0.001

Discussion {#Sec18}
==========

The etiology and pathogenesis of SLE are not fully known. Current therapies can improve outcomes for lupus but are nonspecific and often associated with multiple adverse side effects \[[@CR25]\]. A potential new approach has emerged from studies that illustrate the importance of epigenetic dysregulation in SLE pathogenesis \[[@CR26]\]. Several studies have shown that autoreactive T and B cells in patients with SLE and mice with SLE-like disease have evidence of altered patterns of DNA methylation and histone modification \[[@CR2]\] with Ezh2 upregulation in B and T cells \[[@CR7]\]. These observations about Ezh2 are relevant because of its involvement in gene regulation, including T cell differentiation and lineage commitment \[[@CR3]\]. Our study suggests that Ezh2-mediated epigenetic alteration is a primary promoter of autoAb production in the bm12 cGVHD model of lupus. Importantly, Ezh2 was shown to be upregulated exclusively in the GC when autoimmune reactivity is elicited (Fig. [3](#Fig3){ref-type="fig"}). Inhibition of Ezh2 by GSK503 significantly reduced autoantibody production in our lupus model.

Ours is not the first study to suggest that epigenetic regulation might have therapeutic value in SLE. Previous studies have shown that treatment with a global histone methylation inhibitor, DZNep, suppresses lupus development in MRL/lpr mice \[[@CR27], [@CR28]\]. However, DZNep targets many methyltransferases in addition to Ezh2 \[[@CR29]\]. Consequently, the mechanism of DZNep inhibition of murine lupus remains to be defined. Furthermore, DZNep treatment has adverse effects in animal models \[[@CR30]\]. In contrast, GSK503 inhibits Ezh2 much more strongly than it inhibits other histone methyltransferases, yet still effectively blocks bm12-induced lupus-like cGVHD in mice (Fig. [6](#Fig6){ref-type="fig"}) without obvious adverse effects. Although bm12 cGVHD-induced autoimmunity has considerable limitations as a model for spontaneous human SLE, the rapid onset of autoimmune disease in the mouse model (development of lupus-like features and autoAbs in 2--5 weeks) provides a considerable advantage for studies of mechanisms of pharmacologic inhibition of the development of lupus-like disease \[[@CR15], [@CR18]\]. Although this model should also be useful for determining whether Ezh2 can suppress established autoimmunity, studies in spontaneous lupus models, such as the NZB/W mice \[[@CR31]\], will be needed prior to clinical trials in human SLE patients.

Clinical trials of Ezh2 inhibitors, however, are already underway. Ezh2 is not only involved in autoimmunity; its expression and contribution to cellular dysregulation have been demonstrated in numerous studies of malignant cells \[[@CR7]\]. Consequently, Ezh2 inhibitors have been actively investigated in studies of cancer pathogenesis and are being evaluated in cancer clinical trials (<https://clinicaltrials.gov>). Results from those studies should accelerate the design and completion of complementary trials in SLE patients.

Ezh2 acts primarily as a transcriptional repressor of multiple genes. Recent studies, however, indicate that in addition to Ezh2's canonical repression of transcription through histone trimethylation, JAK3- or Akt-mediated Ezh2 phosphorylation makes Ezh2 a methyltransferase-independent transcriptional activator that upregulates a set of genes involved in DNA replication, the cell cycle, and biosynthesis \[[@CR3], [@CR5]\]. Phosphorylation of Ezh2 also leads to STAT3 activation through lysine methylation, at least in stem cells \[[@CR6], [@CR32]\]. Furthermore, GSK126, a selective small molecule Ezh2 inhibitor that is structurally related to GSK503 \[[@CR13]\], has been shown to decrease levels of phosphorylated STAT3 (pSTAT3) in glioma cells that resemble stem cells \[[@CR6]\]. These observations may be relevant to SLE, inasmuch as increased STAT3 activity is associated with lupus and lupus nephritis \[[@CR33], [@CR34]\]. This may be tied to the roles of specific cytokines in lupus pathogenesis. For example, elevated IL-17 levels have been identified in blood and renal tissues of lupus patients \[[@CR35]\] and a positive correlation between IL-17 expression and pStat3 has been reported in these patients \[[@CR34]\]. pSTAT3 also promotes the expression of another cytokine in lupus T cells that has been associated with SLE: IL-10 \[[@CR36]\]. Despite this, non-canonical activation of Ezh2 has not yet been investigated in the setting of autoimmune pathogenesis. Based on these observations, it is reasonable to hypothesize that Ezh2 activity promotes lupus pathogenesis through non-canonical activation of the STAT3 pathway as well as through its methyltransferase activity. Evaluation of this hypothesis should provide a useful basis for future studies.

Ezh2 is upregulated in multiple cell types in lupus patients \[[@CR27]\] and is known to be important in T cell differentiation and function \[[@CR21], [@CR37]\] and in GC B cell proliferation \[[@CR23]\]. Indeed, a recent study demonstrated that Ezh2 promotes B cell differentiation into plasmablasts through suppression of the BTB and CNC homolog 2 (BACH2) (doi:10.1002/ART.41208). Our immunofluorescence staining revealed predominant splenic upregulation of Ezh2 in the GC (Fig. [3](#Fig3){ref-type="fig"}), and our functional studies demonstrated an Ezh2 requirement for GC maturation and T and B cell activation/differentiation. Consistent with this, CD4^+^ T cells lacking Ezh2 were incapable of differentiation into T~FH~, which led to significant reduction of GC B cell numbers and autoAb production in the bm12 cGVHD model. Although our bm12 GVHD studies focused on suppression of Ezh2 activity in CD4^+^ T cells as a way to suppress humoral autoimmunity, suppression of Ezh2 activity in B cells might also be effective, inasmuch as Ezh2 is required for B cell activation and differentiation into antibody-secreting cells (ASC) \[[@CR11]\].

Conclusion {#Sec19}
==========

SLE is a complex, multifactorial disease of unknown precise origin. Current therapies can suppress lupus, but are nonspecific and associated with multiple adverse side effects. Data presented here indicate that Ezh2 gene deletion or pharmacological Ezh2 inhibition suppresses autoantibody production and GC formation in bm12 induced lupus-like cGVH disease. This observation, if applicable to spontaneous lupus is likely to have important implications for the treatment of active SLE: an agent such as an Ezh2 inhibitor that blocks both B and T cell differentiation, might be particularly efficacious for the treatment of SLE and other autoimmune disorders.
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